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Theory of the turbulent transport has shown 
rapid progress. The level of turbulence and 
associated transport have been analyzed by use 
of nonlinear theory, and analytic expressions are 
now available. At the same time, the study of 
the transient phase has attracted much attentions, 
requiring the theory of the growth of 
fluctuations in turbulent plasmas. Extending the 
method of self -sustained turbulence, we have 
derived the dymanical equation of turbulence far 
from thermal equilibrium. General form was 
derived for the system with magnetic hill and 
those with magnetic well as [1] 
( 1) 
where XHo is the anomalous thermal 
conductivity in the steady state, g0 is the 
normalized driving parameter (g0 = Q'~'/2£2 for 
Heliotron/torsatron and g0 =a.=- q2Rf3' for 
tokamaks and optimized stellarators), C%_1 is the 
radial electric field shear, and h1 denotes the 
suppression coefficient. Symbol hat means the 
normalization due to poloidal Alfven transit time 
and/or to the plasma minor radius. Using this 
relations, we study the temporal evolution of the 
fluctuation amplitude. 
First, the dynamics in the small amplitude 
limit is analytically studied by use of the 
renormalization relation X· (x + yk1_2) = (~ I 2B )2 
and X := J.l. In the regime of the nonlinear 
growth, Eq.( 1) predicts that y oc X 115, and the 
term X ykj_ 2 is of the lower power in terms of X 
than the term x2. In this case we have 
X ·ykj_2:= (~I 2B f. The absolute value of the 
amplitude is normalized as~= ~/2BXHo· The 
mode amplitude is normalized such that ~ = 1 at 
the saturation level. By use of these relations, 
Eq.( 1) reduces to 
(2) 
where Yn ~ g'f-}3 s-113(ckl./arop) 113!(1 + h1%t). 
giving the explosive growth 
(3) 
The parameter to is given by the initial 
amplitude, t0 =~(or 113. Typical time scale to 
approach the saturation level is 'tApY~ 1 ~(0)- 113 . 
We next study the approach to the stationary 
state. In the vicinity of the stationary condition, 
X= XHO• Eq.(1) has the form as 
and Ys- 0.45ffo, giving the solution 
(5) 
The state ~ = 1 is realized in the characteristic 
time scale, y; 1'tAp· The explosive growth and 
staturation characterizes the dynamics of 
fluctuations in turbulent plasmas. 
1) K. ltoh, et al., NIFS Report NIFS-360 
(May, 1995). 
165 
